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WEB STABILIZER 

This application is a continuation of application PCT/ 
US99/19425 ?led Aug. 30, 1999. 

TECHNICAL FIELD 

The present invention relates to sheet and document 
handling devices, in particular to devices Which assist the 
movement of sheet, or Web, as it is being draWn into a 
document ?nishing machine or like device. 

BACKGROUND 

When sheet, in particular, perforated edge fanfold paper 
sheet, also referred to herein as Web, is draWn from a supply 
such as a stack into various types of commercial document 
?nishing devices, it is inherent that the motion of the sheet 
is alternately ceased and then resumed, as the device does 
certain operations. For instance, if the ?nishing machine is 
converting the sheet into pages of forms, and accumulating 
them, there Will be an unsteady rate of sheet movement. It 
is an observed problem that paper sheet Will tend to tear 
under such situations; obviously, it is due to the tensile 
strains attending rapid acceleration of sheet. 

The tendency for tearing, or even erratic Web motion 
Without tearing, limits the rate at Which certain ?nishing 
machines can process sheet. Tearing can require repeated 
operator intervention and inferior production. There are 
numerous installed commercial machines Which exhibit 
such limitations. Thus, there is a need for some kind of 
device Which can be placed upstream of a ?nishing machine 
or other processor, to smooth out, or buffer, the sheet motion, 
and to thereby lessen the tendency of the sheet to tear and to 
alloW higher average sheet speeds and production. Things 
that have been tried to improve operation. For instance, a 
dead Weight roller or other object has been hung on the sheet 
to form a loop on the How path betWeen the supply and the 
?nishing machine. Fan bloWn air has also been directed at 
the sheet running along the How path. 

There are prior art devices Which are designed to assist the 
feeding of Web. They have been used When the pulling 
capacity of a constant input speed ?nishing machine has 
insuf?cient poWer to draW the sheet into the machine. A 
typical device of such type is comprised of three ?xed 
position driven rollers. The sheet folloWs a serpentine path. 
The speed of the rollers is varied so that the feed rate 
corresponds With the speed at Which the ?nishing machine 
demands sheet. Such devices are not knoWn to have been 
used, nor has the Work on the present invention shoWn them, 
to be suitable for solving the problem Which is described, 
Where the ?nishing machine demands Web at a variable 
speed and in a cycle Which includes stopping, and Where the 
cycle is repeated at high frequency. 

DISCLOSURE OF INVENTION 

An object of the invention is to lessen the forces on a sheet 
or Web Which is subjected to high acceleration and 
deceleration, to decrease any tendency for the sheet to tear 
When the sheet is being draWn into a ?nishing machine or 
other processor. A further object of the invention is to 
provide an improved means for assisting the movement of 
sheet along a path, Where the amount of force imparted to the 
sheet is readily adjustable. 

In accordance With the invention, apparatus for control 
ling the movement of sheet doWnstream along a How path, 
toWard a ?nishing machine device Which pulls the sheet 
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2 
doWnstream from a source or supply With frequent change in 
velocity, comprises an assist unit, for urging the sheet 
doWnstream; and a dancer unit, preferably a resiliently 
biased dancer unit, positioned doWnstream of the assist unit, 
for dynamically changing the length of the How path 
betWeen the sheet source and the device. The combination of 
assist unit and dancer unit change the velocity vs. time cycle 
to Which sheet is subjected at points upstream of the ?nish 
ing machine entrance, compared to the cycle at the ?nishing 
machine, to loWer the acceleration of the sheet and the 
tension in the sheet. 

In one aspect of the invention, the tension ratio of the 
assist unit is less than 6 to 1, preferably less than 3 to 1, 
Where tension ratio is the ratio of the tension in sheet at the 
input side of the assist unit divided by tension in sheet at the 
output side of the assist unit, measured When the assist unit 
is acting on a piece of sheet being restrained in place. In 
another aspect of the invention, the assist unit has at least 
tWo drive rollers and the total angle of Wrap of sheet about 
all the drive rollers is no more than 2 at radians, preferably 
3 31/2. In another aspect of the invention, the velocity of 
sheet through the assist unit is less than the rotational surface 
speed of the at least one drive roller. The invention may 
include a drag unit located upstream of the assist unit. 
HoWever, in some systems the inherent drag on the sheet 
may not demand a separate drag unit. 

In a preferred embodiment, the assist unit is comprised of 
only tWo drive rollers. The sheet ?oW path through the assist 
unit has an S-shape, as the sheet Wraps around a portion of 
the exterior of each roller. The orientation of the drive roller 
pair is changeable, to a desired ?xed position, to effect a 
change in shape of the S path through the assist unit. Thus, 
the angle of Wrap of sheet Within the assist unit and the 
tension ratio of the assist unit can be changed to a desired 
predetermined level. Preferably, one roller axis stays at a 
?xed position and the second roller is journaled in a pivot 
able mounting block, so the second roller moves With 
planetary motion about the ?rst. Preferably, the assist unit 
runs at constant speed. 

In a preferred embodiment, the dancer unit is comprised 
of a dancer roller assembly Which translates vertically in 
space. The roller assembly has quite a loW mass and is spring 
biased in a direction Which increases the How path length. 
An exemplary loW mass dancer roller is constructed of thin 
Wall plastic tubing. The Weight of the roller assembly ought 
to be much less than 4 gF/aweb, Where F is the maximum 
tension the sheet can sustain and aweb is the maximum 
acceleration of the sheet at the inlet of the ?nishing machine 
and g is the acceleration of gravity. In proper use, the 
combination of loW mass roller and spring bias keeps the 
roller in close proximity to the sheet as the How path 
dynamically changes, thus avoiding roller impulse forces on 
the sheet Which might tear the sheet When the roller sub 
stantially separates from contact With the sheet. Preferably, 
the dancer roller assembly translates along a path de?ned by 
vertical rails and the sheet folloWs a narroW V-shape ?oW 
path around the dancer roller. 

In the method of the invention the motion of sheet is 
affected at sequential points along the How path betWeen a 
supply of sheet and the ?nishing machine Which pulls the 
sheet With frequent change in velocity, including periodic 
stopping of the sheet, thereby creating a certain acceleration 
and tension in the sheet at the entrance to the ?nishing 
machine. A drag force is applied at a ?rst point, a force 
Which urges the sheet doWnstream is applied at a second 
doWnstream point, and a resilient force is applied to the 
sheet at a third further doWnstream point. The How path is 
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changed in length inversely With change in velocity of the 
sheet at the ?nishing machine. The tension in the sheet as it 
enters the ?nishing machine is reduced. 

In operation, the invention reduces the stress Which is 
generated in the sheet as a result of the action of the ?nishing 
machine. It thus reduces any tendency for tearing, and it 
improves the operation of most ?nishing machines, making 
them capable of high speed operation. 

The foregoing and other objects, features and advantages 
of the present invention Will become more apparent from the 
folloWing description of preferred embodiments and accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a Web stabiliZer machine. 

FIG. 2 is a largely schematic illustration of the mecha 
nisms of the FIG. 1 Web stabiliZer, shoWing sheet motion 
from a stack to a ?nisher, and the motions of the various 
components. 

FIG. 3 is a partial perspective vieW of the drive end of the 
assist unit. 

FIG. 4 is a vieW from the output end of the stabiliZer, 
shoWing the dancer unit. 

FIG. 5 is a partial perspective vieW of one end of the 
dancer unit shoWn in FIG. 3. 

FIG. 6 shoWs a tWo-roller assist unit having a pivotable 
mounting block, for varying the Wrap of the sheet around the 
rollers. 

FIG. 7 shoWs a tWo-roller assist unit Wherein one roller 
moves vertically, to vary the Wrap of the sheet around the 
rollers. 

FIG. 8 shoWs a three-roller assist unit Wherein the middle 
roller moves vertically to vary the Wrap of the sheet around 
the rollers. 

FIG. 9 shoWs a prior art three-roller assist unit Wherein all 
rollers are ?Xed. 

FIG. 10 is a simpli?ed diagram shoWing the balance of 
forces on the dancer roller. 

FIG. 11 is a plot shoWing the velocity and acceleration 
Which sheet is subjected to at the input of one particular 
?nishing machine, as a function of time. 

FIG. 12 is a plot corresponding With FIG. 11, illustrating 
the modi?ed motion of sheet, at a point just upstream of the 
dancer unit, as a result of using the invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The invention is described in terms of its use With fanfold 
sheet made of paper draWn from a source or supply Which 
may be a stack of Zig-Zag folded paper, paper issuing from 
a roll, or paper presented in some other manner. Fanfold 
sheet has transverse perforations so the sheet may be readily 
stacked. It Will be appreciated that the invention Will be 
useful With other forms of sheet and other sheet materials. 
The invention is referred to as a “Web stabiliZer”. This 
re?ects the concept that the normal stop-and-go of a ?nish 
ing machine causes the sheet being draWn into it to move 
erratically. The invention changes the motion of the sheet 
along the How path running betWeen the source and ?nishing 
machine, making it less erratic, and thus more stable. “Web” 
is a reference to sheet, Whether draWn from a roll (as the 
term is traditionally used) or from a stack; it is used in this 
description interchangeably With the Word sheet. The term 
roller refers to a cylinder Which is adapted to rotate about a 
lengthWise axis. 
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The invention may be used With various devices Which 

process sheet, and for the claimed invention, the term 
?nishing machine is not intended to be limiting. For pur 
poses of this best mode description the invention is assumed 
it is used in connection With a commercial ?nishing machine 
Which is processing sheet such as 8.5—17 inch Wide 20 
pound Weight common fanfold of?ce paper, having perfo 
rations With about 0.31 pound/inch tensile or pull-apart 
strength, or about 5 pound total. The ?nishing machine 
receives fanfold sheet to process it. Typically, a ?nishing 
machine may function to separate the sheet into the indi 
vidual pages or forms as they are de?ned by the perforations, 
and to accumulate related pages as sets—such as the pages 
of a bank statement being sent to a consumer. Finishers may 
run at high speeds and subject the sheet to a rapid accelera 
tion and deceleration. For instance, a typical sheet velocity 
pro?le or cycle measured at the input of a ?nishing machine 
might comprise an acceleration phase, Wherein velocity 
increases from 0 to about 135 inch per second (ips) in about 
25 milliseconds (ms); folloWed by constant velocity of about 
135 ips for about 64 ms; folloWed by deceleration to 0 ips 
in about 15 ms; folloWed by no motion for about 87 ms; 
Whereupon the cycle repeats. The velocity vs. time cycle is 
shoWn in FIG. 11. The cycles are repeated a high rates and 
there may be variations in the length of the rest time Within 
some cycles. 

FIG. 1 shoWs the machinery of a Web stabiliZer system in 
perspective. It should be considered by also making refer 
ence to FIG. 2, Which is a largely schematic draWing 
shoWing the several components of the system and hoW a 
sheet moves through the system. 

Referring to FIG. 1 the stabiliZer is comprised of three 
components: A drag unit 22, an assist unit 20, and a dancer 
unit 24. The drag unit is an assembly Which inhibits or 
retards doWnstream motion of a sheet. The assist unit is an 
assembly Which enhances or increases doWnstream motion 
of a sheet. The dancer unit is an assembly Which dynami 
cally varies the length of the sheet Which runs from the 
source and the ?nishing machine being served. 
The side elevation schematic of FIG. 2 shoWs hoW the 

system functions, as fanfold sheet 40 is draWn from a stack 
S and fed into a ?nishing machine F, shoWn in phantom. The 
motions of various components are indicated by small 
arroWs. The sheet 40 passes serially through drag unit 22, 
then through assist unit 20, then around roller 30 of dancer 
unit 24, and then to the input structure of the ?nishing 
machine F, shoWn in phantom. 
The drag unit retards the doWnstream motion of a sheet by 

means of frictional force generated by a ?ber brush 34 and 
static drag cylinder 32. Static infeed cylinder 36 guides the 
paper toWard the drag roller. The cylinders are ?Xedly 
mounted betWeen support frames 25. The support frames 
mount off vertical columns 23 of the base 45. The support 
frames are fastened to the columns 23 by unshoWn sliding 
clamp mechanisms, or the like, so the drag unit may be 
adjustably positioned at any desired vertical elevation rela 
tive to the assist unit. Tie bars and other structure Which 
connects the opposing structural sheet metal sides of the 
base 45 are omitted from the Figure for clarity. 

The preferred drag unit 22 is comprised of a static 
cylinder 32, for instance a tube, upon Which bears a stiff 
brush 34 comprised of miXed metal and organic ?bers. The 
brush is pivotably mounted betWeen the frames 25 Which 
support it and the cylinders. The friction of the brush With 
the sheet 40 can be adjusted by changing a spring force on 
the brush holder, or by other biasing means Which cause the 
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?bers of the brush to bear harder or lighter on the cylinder. 
The friction from the brush and cylinder provides resistance 
to downstream movement of the sheet. The upstream cyl 
inder 36 is optional. It guides the sheet from the stack toward 
the roller 32. Not shown are adjustable guides running 
lengthwise between the cylinders, to center or otherwise 
position the sheet relative to the width of the cylinders. Also, 
rails or other structure will be desirably positioned to run 
lengthwise within the space between the two cylinders, to 
minimiZe any sagging of the sheet between the cylinders. 

The need for the drag unit is a function of the dynamics 
of the system and sheet. Thus, the drag unit need not be used 
if there are other sources of drag force in the system, 
upstream of the assist unit, which are suf?cient to retard 
downstream motion of sheet, to a degree suf?cient to cause 
the desired assist unit action, and to prevent unwanted 
inertial motion of the sheet from the supply. A typical drag 
force is a small fraction of the tensile strength of the sheet. 
For instance, in the preferred embodiment, the drag force is 
around 0.3 pounds, compared to sheet strength of 5 pounds. 
From the rest of the description, it will be appreciated that 

other types of drag units or sheet retarders known in the prior 
art may be substituted for the preferred drag unit 22. For 
instance, the sheet may pass through the nip of two free 
wheeling rubber rollers where one has an adjustable friction 
brake. The amount of drag applied by the drag unit will be 
adjusted according to whatever other drag the sheet running 
between the source and the assist unit is subjected to. 

The assist unit 20 is comprised of two driven rollers 42, 
44. The rollers are positioned to cause the sheet to follow an 
S-shape path. The assist unit frictionally urges the sheet in 
the downstream direction—that is, it assists, or increases, 
the sheet downstream motion. The amount of urging is 
controllable by changing the orientation of the roller pair in 
the vertical plane, and relative to the path which sheet would 
follow if the assist unit was not present, as described further 
below. 

The assist unit 20 acts in coordination with the action of 
the dancer unit 24. As will be appreciated from further 
description, another way of looking at the assist unit func 
tion is that it decreases the tension in the sheet downstream 
of the assist unit, in particular in the sheet which is entering 
the input end the machine F, from what it would otherwise 
be if the assist unit were not present. On the other hand, it 
does not reduce the downstream tension to the point where 
the tension at the dancer roller is insufficient to cause the 
dancer roller to move upwardly against the dancer unit 
springs. 

The drive end of the assist unit is shown in FIG. 3. 
Referring to FIGS. 1—3, sheet 40 runs along an S shape path 
through the spaced apart assist unit rollers, running around 
a ?rst roller 42 and a second roller 44, both of which are 
driven. The rollers are made of AISI 304 stainless steel and 
have an arithmetic average surface ?nish of about 8 
microinch, produced by turning and polishing. The longitu 
dinal axes of the rollers are parallel. The rollers each have 
small axles extending from each end, and the axles are 
journaled in pivotable mounting blocks 46. The mounting 
blocks pivot in space with respect to the machine frame 45, 
about the axis 48 of rotation of shaft 60 and roller 44. The 
roller 42 thus is moved in planetary fashion about roller 44; 
and, the orientation of the roller pair relative to the rest of the 
system is changed. Rotation of a block set to a desired 
rotational position can be accomplished in various common 
ways. The blocks may be moved manually and then locked 
in position by a clamp; or a screw may be positioned to bear 

15 

25 

35 

45 

55 

65 

6 
on a block when it is turned, to move the block. Of course, 
both blocks move together. 

As an example of the effect of rotating the blocks, the 
mounting block 46 can move counterclockwise to the posi 
tion shown by phantom block 50 in FIG. 2. With counter 
clockwise block rotation, roller 42 moves counterclockwise 
about roller 44. For the con?guration shown, it moves 
downwardly. Thus, the length of circumferential frictional 
engagement of the sheet with both rollers is thereby 
increased. Conversely, clockwise motion reduces 
engagement, to the point that, with suf?cient block rotation, 
there will be minimal engagement. 
When the orientation of the two drive rollers is adjustable 

as described, a simpli?cation in assist unit design is possible. 
The rotational speed, and thus the surface speed, of the 
rollers is able to be made constant, preferably at about 135 
surface inches per second for the exemplary ?nishing 
machine. In operation of the assist unit with a ?nishing 
machine, there is continuous slip of varying amount between 
the sheet and rollers. In operation, the downstream urging 
force on the sheet, for any given instantaneous tension on the 
sheet, can be set by selecting a desired degree of rotation of 
the mounting blocks, since changing the orientation of the 
rollers by rotation of the mounting blocks changes the shape 
of the S-shape curve which the sheet is made to follow 
around the roller pair. The change in S-shape curve corre 
sponds with a change in the amount of the circumference of 
each driven roller which is in contact with the sheet and thus 
the force applied to the sheet. The total of the angles of 
contact which the sheet has with the rollers is referred to 
here in terms of the “angle of wrap” or “wrap angle”, and is 
measured in radians. 

In typical operation, for sheet moving into a ?nishing 
machine with nominal velocity parametrics indicated above, 
the block of the assist unit will be set so the sheet wraps 
around the circumferences of each roller 42 and roller 44 in 
a manner such that it contacts the surface of each along an 
arc, having an angle of about 3 31/4 radian. The total angle 
of wrap for the assist unit is thus about 37 31/2 radian. The 
mounting block rotation and resultant shape of the S-curve 
will be varied according to the particular sheet and ?nishing 
machine parameters and experience. In a system using the 
preferred two-drive roller assist unit, the angle of wrap will 
range between at and 2 at radian, and preferably it will be 
about 3 31/2 radian. 

FIG. 3 shows the roller drive system. A constant speed 
motor 54 rotates drive pulley 57 and the round belt 56 
mounted thereon, thereby driving driven pulley 58. The 
pulley 58 rotates shaft 60 to which it is fastened, along with 
the polyurethane disk 62 and feed roller 44 which are also 
?xed to the shaft. Disk 62 is frictionally engaged with like 
disk 64. Disk 64 is mounted on shaft 66 and thus roller 42 
is thereby rotated by the interaction of disks 62, 64. The use 
of smooth (i.e., non-serrated) pulleys and the light degree of 
engagement between the disks 62, 64 will tend to allow 
rollers 42, 44 to slip, should some object other than sheet be 
drawn into the rollers. 

Changing the shape of the S-shape ?ow path in a two 
roller assist unit may be accomplished in other ways. For 
example, both rollers 42, 44 may be rotated about some 
other point of rotation than the longitudinal axis of roller 44. 
The point of rotation may be located between the rollers, or 
it may be spaced away from the rollers, as is point 43 of 
block 46A shown in FIG. 6. Also the same functional result 
may be achieved by having one of the two drive rollers move 
vertically relative to the other. See FIG. 7. 



US 6,352,257 B1 
7 

The dancer unit 24 is comprised of a horizontal dancer 
roller 30 Which is adapted to move vertically. The dancer 
roller 30 has stub axles Which are journaled in plastic blocks 
Which run vertically along opposing side rails 68 Which are 
attached to the base. The dancer unit moves dynamically 
during operation of the invention, to shorten and increase the 
length of the sheet path at a high speed, inversely to the 
sense of sheet velocity change at the entrance of machine F, 
in a complex Way, as described beloW. 

FIG. 4 is an elevation vieW of the dancer unit, looking 
from the output end of the stabilizer, i.e., from the right of 
the machine of FIG. 1. It shoWs hoW the dancer is comprised 
of a dynamic roller 30 Which is pivotably mounted in journal 
blocks 26. The blocks 26, Which are preferably polyurethane 
plastic, are vertically slidable in the channels of vertical rails 
68. (Not shoWn for simplicity, are retainers Which keep the 
blocks and roller from moving lengthWise.) Thus, the roller 
translates upWardly When there is sufficient force imposed 
by the sheet 40. It moves doWnWardly When the sheet 
tension is relaxed, due to action of springs 70 and the Weight 
of the roller assembly, until the journal blocks hit stops 28. 

It Will be appreciated that other means for guiding the 
dancer roller along its translating path may be employed in 
substitution of the rails. For instance, pantograph type 
supports may be used at opposing ends of the roller. 
Furthermore, the dancer roller may be mounted on a frame 
Which enables the roller to move in a large arc, to approxi 
mate the linear vertical path. The roller may move in a 
direction other than vertically upWard, so long as the dynam 
ics of the preferred mode described herein are approximated. 
While steel coil springs are preferred, other means for 
resiliently or elastically biasing the roller may be employed. 
For example, air springs or elastomer bands may be used; or, 
a complex electromechanical system might be employed. 

The folloWing describes phenomenologically hoW the 
system operates When connected to a ?nishing machine 
moving the sheet according to the nominal velocity vs. time 
cycle shoWn in FIG. 11. Consider ?rst that the sheet is 
initially stationary, and suddenly ?nisher F starts accelerat 
ing the sheet. In the ?rst moment that the machine F pulls, 
both the inertia of the sheet and the resistive force applied by 
the drag unit inhibit sheet motion. The tension in the sheet 
rises suf?ciently to cause the dancer roller 30 to be pulled 
upWardly. This causes the sheet path to temporarily shorten. 
The roller 30 moves upWardly but against increasing resis 
tance due to action of springs 70. 

The resultant tension in the sheet has an effect at the assist 
unit. It creates a normal force betWeen the sheet surface and 
the surfaces of the assist unit. This causes the sheet to be 
frictionally engaged With the rotating rollers 42, 44 of the 
assist unit, and to thus be driven along the How path toWard 
the dancer unit. It Will be understood that the assist unit, like 
a nautical capstan, provides a force on the upstream portion 
of the sheet Which is an ampli?cation of the tensile force 
applied to the doWnstream portion of the sheet. The net 
action of the assist unit—in combination With the dancer 
unit and the machine F—is complex, analogous to a 
dynamic feedback loop control system. There are many 
subtleties and interdependencies in the full system of the 
invention, and the resultant simpli?cations and limitations 
attending the analyses hereafter should be appreciated. 
Assume for a moment that acceleration of sheet at 

machine F suddenly turns negative. This occurs When 
machine F sloWs doWn, to the point Where it momentarily 
stops the sheet from moving at the entrance of machine F. 
Just prior to the decrease in acceleration, the assist unit has 
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been urging the sheet toWard die roller 30 of dancer unit at 
a certain rate. When the deceleration of sheet takes place at 
machine F, there remains a tension in the sheet at the assist 
unit and at the dancer unit, due to the action of the springs 
of the dancer unit. Furthermore, momentum of the sheet 
tends to keep the sheet moving toWard the machine F 
notWithstanding the effect of the drag unit. The dancer roller 
30 moves doWnWardly as the tension in the sheet falls, and 
the sheet ?oW path increases in length. Finally, if roller 
reaches its bottommost stop position, the tension on the 
sheet at the output side of the assist unit is reduced to near 
Zero, and the assist unit stops moving the sheet. In practice, 
the roller does not move doWn to the stops, but oscillates 
about a point along the rails Which is Well above the stops. 
A typical drag unit is effective in minimiZing continued 

motion of the sheet due to momentum of the sheet. In the 
absence of the drag unit, excess sheet could otherWise 
accumulate in the path betWeen the drag unit and the 
?nisher, When the sheet velocity at machine F drops to Zero. 
Upon resumed doWnstream motion, the taking up of this 
slack Would apply shock forces to the sheet Which ought be 
avoided. 
The dancer roller 30 must have a certain initial or setup 

position for proper functioning. This is illustrated by 
example from the preferred embodiment, Where the roller 
has an 8 inch travel path and Will be found to oscillate Within 
a 2 inch portion of the travel path. A typical initial setup 
position is about 2 inch above the loWer stops 28, or about 
25% along the travel path. The setup is carried out With the 
assist unit running, and With slack removed from the sheet 
running from the drag unit to the machine F. The setup 
position Will be that at Which the doWnWard force induced 
by springs 70 on the sheet, Which is running in a narroW V 
around the roller, is at the threshold of overcoming the 
resistance force of the drag unit and What ever other drag is 
present in the system. At the setup point, any signi?cant 
incremental roller force causes sheet to be pulled through the 
drag unit. If the vertical spring force on roller 30 at its setup 
position is less than just speci?ed, it is found that, With 
continual stopping and starting of the sheet, the loWermost 
position of the roller 30 Will progress upWard With each 
cycle. That adversely affects the available length of travel, 
and thus the take up capacity of the dancer unit. Ultimately, 
the roller reaches the end of the rail path and acts as a ?xed 
position roller, causing the sheet to tear. In practice, there is 
a spring force on the dancer roller assembly even When sheet 
is not present or is alloWed to go slack, so that the force 
holds the roller assembly against the loWer stops. It Will 
appreciated that the precise adjustment of the roller 
assembly, the choice of force and spring rate provided by the 
springs, the Wrap angle of the assist unit, and so forth, 
usually require some trial and error and ?ne tuning, for any 
particular ?nishing machine and sheet stock. 

The useful travel length of the roller 30 along rails 68 is 
related to the length of the form or page de?ned by trans 
verse perforations in the sheet, for systems Where there is 
stop and go motion for each form. The travel length ought 
to be at least one-half of the length of a form. In the preferred 
embodiment, the dancer roller is adapted to move along a 
travel path of up to about 8 inch, about half of the length of 
a 14 inch form. Each coil spring is about 2 inch long and has 
a spring rate of about 1 pound/inch. 

Reference should be made to FIG. 10 Which is discussed 
further beloW. The forces applied by the tWo springs are 
balanced by the tensions in the sheet Which runs in a narroW 
V path. For simplicity it is assumed that the legs of the V are 
parallel. Thus, at the 8 inch maximum spring extension, the 
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maximum spring force Which a 5 pound tensile strength 
sheet can sustain can be determined. The maximum spring 
rate parameter may be calculated. Solving the simple equa 
tions indicates that the maximum spring rate ought to be 0.6. 
In practice, With paper sheet, springs With a spring rate of 0.1 
are used. At the full 8 inch extension of the roller springs, the 
preferred embodiment dancer unit applies a spring force of 
0.8 pounds to the dancer roller, or a tension of 0.4 pounds to 
the sheet. This is about 10 percent of the ultimate tensile 
strength, or tear point, of the perforated sheet. Thus, the 
maximum force applied by the springs should be substan 
tially less than the maximum tension Which the sheet can 
sustain Without tearing. The tension in the sheet Which the 
dancer unit can induce acting by itself on a static sheet is 
substantially less than the tensile strength of the sheet. See 
beloW. 

It is particularly important to the good functioning of the 
invention that the mass (Weight) of the dancer roller assem 
bly be loW. The roller assembly in this context constitutes the 
dynamically moving portions of the dancer unit, namely 
roller 30 and the tWo journal blocks. Portions of the springs 
move dynamically also, but they are quite light and thus are 
ignored in this discussion. In a preferred embodiment, the 
total Weight of the roller assembly Which comprises a 20 
inch long by one inch outside diameter roller is about 0.18 
pound. The preferred roller is a holloW phenolic resin tube. 

Experiments have shoWn the advantage, and even the 
necessity, of having loW mass. In the ?rst instance, loW mass 
refers to a roller assembly comprising a roller Which is 
signi?cantly loWer in mass than the common thin Wall 
aluminum or stainless steel rollers that are familiar for most 
purposes to those skilled in the art. Athin Wall phenolic tube 
is an example of a comparatively loW mass roller. 

One analysis of hoW the system Works, and Why loW mass 
is important, is as folloWs: When, due to demand by the 
machine F, the velocity of the sheet at machine F input is 
increased, the invention causes the velocity upstream of the 
machine to change less rapidly than otherWise. That is, the 
invention dampens the sheet acceleration. In the absence of 
an assist unit, When the acceleration is thus decreased, the 
tension in the sheet is decreased in direct proportion; 
hoWever, machine F must do all the Work in pulling the 
sheet. The highest tension Will be at the machine F. When the 
kind of assist unit described herein is used, it provides a 
boost to the sheet in cooperation With machine F, and 
reduces the tension Which the machine F must create to 
impart to the sheet any given acceleration at any given point 
along the How path. 
A reduction is sheet tension Which machine F must exert 

on sheet results in improved performance. There is a reduc 
tion in propensity for tearing, both at sheet perforations and 

at the sprocket holes (by action of the tractor of machine This is accomplished in part by shortening of the paper path 

at the dancer unit. Thus, it Will be understood that if the 
roller is too heavy, then in the sheet acceleration phase, there 
could be too little “give” provided by the dancer unit, 
because there is too much inertia. That is, a more substantial 
force Would have to be applied to the roller to move it 
upWardly—Which necessitates undue tension in the sheet. In 
the limiting case, the roller is so heavy that it acts like a ?xed 
roller, in Which case there Would be no lessening of sheet 
tension. So, this is the ?rst reason for loW mass. 

The second reason is as folloWs. When sheet speed is 
increasing, the roller 30 is moved upWardly by the resultant 
increasing sheet tension. When the machine F suddenly 
sloWs the sheet, and the tension decreases, the length of the 
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sheet running along the sheet path Will not only stop tending 
to shorten, but it Will actually tend to lengthen, because the 
feed unit has imparted momentum to the sheet Which is 
approaching the dancer unit. At the same time, the roller has 
upWard momentum and Wants to continue on its upWard 
path. It may lift off the sheet, or it may stay in contact With 
diminished force. Only When the combined pull of gravity 
and spring force on the roller overcomes its momentum Will 
the roller accelerate doWnWardly suf?ciently, to fall back 
into full contact With the sheet. So the sheet may thus be 
subjected to an impulse load Which Will sharply increase 
tension in the sheet, even to the point of tearing it. Thus, 
When the mass of the roller is loW, there is less momentum 
and less potential impulse load. Any given combination of 
gravity and spring force Will dominate the motion of the 
roller, compared to momentum. It is possible to increase the 
spring force to compensate for high mass, but doing that is 
inimical to the ?rst reason, namely, the aim of enabling the 
sheet path to be shortened When there is acceleration of the 
sheet doWnstream. In the invention, the combination of 
springs and loW mass roller keep the roller in close 
proximity, particularly during the part of the action Where 
the roller decelerating, that is Where it is reaching its 
uppermost limit and reversing direction. Most times the 
roller Will stay in contact With the sheet; but at times it may 
separate slight. HoWever any separation Will be insubstantial 
insofar as any adverse effect on the sheet. 

Of course, What the Weight is for an acceptable upper 
limit roller mass Will depend on the sheet properties, the 
acceleration imparted by the ?nisher and other parameters. 
In the developmental systems, We have calculated that When 
a ?nisher imparts an input acceleration of 15 g to a paper 
sheet, Where g is the acceleration of gravity. We have 
calculated that in our system in one typical instance, the 
acceleration of sheet at a How path point upstream of the 
dancer unit is loWered to about 8 g. A How path point 
upstream of the dancer unit is de?ned as being one Which is 
upstream of the point Where sheet contacts the upstream side 
of the dancer roller. 
The Weight of a loW mass roller can be calculated in terms 

of parameters of the system. Considering the simpli?ed 
situation shoWn in the schematic of FIG. 10, When the 
machine F ?rst instantaneously pulls on the sheet 40. As a 
simpli?cation, it is assumed the acceleration of the sheet 
upstream of the dancer is Zero, the doWnWard force of the 
tWo springs 70 (one shoWn) is nominally equal to the 
summation of tension in the Web, or 2 F. Simple mechanics 
dictates that the acceleration of the sheet provided by the 
?nishing machine is tWo times the acceleration of the dancer 
roller. Thus 

(1) 2F = madancer 

_ m X aweb (2) 

2F _ —2 

m = 4F/ am (3) 

weight = mg : 4Fg/aweb (4) 

Where m is mass of the dancer roller assembly, F is sheet 
tension, and aweb is acceleration, and g is acceleration due to 
gravity. A?nishing machine of the type described ordinarily 
Would provide about 15 g of maximum acceleration. Sup 
pose the sheet strength, or maximum sustainable tension, is 
5 pounds. Putting these values in the equation indicates a 
maximum roller assembly Weight of about 1.3 pounds Would 
cause breakage of the sheet When the ?nishing machine 
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started up. So, it is evident the roller assembly should be 
substantially less in mass/Weight than the values dictated by 
equations (3)/(4), to provide margin of safety and to account 
for the simpli?cations of the analysis. As mentioned, a 
preferred roller assembly Weighs about 0.18 pounds or about 
14% of the calculated maximum Weight. 

Thus, it Will be understood that the system described is 
effective in reducing the tension in the sheet Which is draWn 
from a stack. It addition to reducing the stress in the sheet 
along the sheet path, due to stop and start motion, the 
invention causes sheet to be draWn more smoothly from the 
top of the zigzag stack. Both effects reduce the propensity 
for tearing. Furthermore, it is found that the motion of the 
sheet at the entry to the ?nishing machine is made more 
smooth or even. As a result there is less ?uttering and errant 
motion of the sheet With respect to the ?nishing machine per 
se, and its performance is improved. 

Referring again to the preferred roller type assist unit 20, 
the principles of operation are similar to those Which attend 
?at belt drives in general, and thus an analysis of assist unit 
operation is as folloWs. The amount of urging of the sheet 
Which the assist unit provides to sheet is determinable in 
terms of the difference betWeen the sheet tension F1 mea 
sured at the input or upstream side of the unit and sheet 
tension F2 measured at the output or doWnstream side of the 
unit. The tension ratio 

Where f is the coef?cient of friction and 0 is the angle of 
Wrap in radians. The coef?cient of friction betWeen the 
stainless steel rollers and common paper sheet is typically 
about 0.15. Calculations and experiment shoW What is 
special about the preferred assist unit of the invention. 

To calculate tension ratio, the obvious insertions in the 
formula are made. To measure tension ratio of an assist unit, 
a piece of sheet is inserted normally in the unit. The input 
side end and output side end of the piece sheet are connected 
to force measuring devices, such a spring scales or load 
cells. The unit is operated and the forces (tensions) are thus 
measured. This gives a reasonable approximation of the 
functioning and tension ratio of Which the assist unit pro 
vides to sheet When it is continuously moving through the 
unit, as in normal operation. It is hoW tension ratio is 
measured Within the meaning of the claims. There is rea 
sonable correlation betWeen the experimentally measured 
and calculated tension ratios. The tensions and tension ratios 
in sheet Which is actually being fed along the How path have 
not been measured because of the dif?culty of doing so. 
When sheet is being fed, there can be factors Which could 
alter the tensions and tension ratio of an assist unit. But, they 
are not considered of such consequence as to produce a 
substantially different result, particularly When different 
types of assist units are being compared. Such factors can 
include the amount of slippage, centrifugal effects on the 
sheet, and so forth. 

For the preferred embodiment tWo roller assist unit, With 
a Wrap angle of around 3 31/2 radian, the tension ratio Will be 
in the range of 2—3 to 1. As an example, for the preferred 
tWo-roller assist unit and 17 inch Wide sheet, operation of the 
assist unit With the drag unit set for about 0.31 pound of 
resistive sheet tension, shoWs the upstream side sheet ten 
sion is about 0.31 pound and the doWnstream side sheet 
tension is about 0.16 pound. 

The invention assist unit can be compared to a typical 
prior art three-roller assist unit, such as a commercial unit 
available from Moore Business Equipment Co., Dover, 
NH, USA. Such unit has a drive roller arrangement like that 
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12 
schematically shoWn in FIG. 9. The Wrap angle is a bit less 
than 3 at radian, and the unit provides a tension ratio of from 
6 to 1 to 9 to 1. The upstream side tension is about 0.31 
pound and the doWnstream side tension is less than about 
0.15 pound. A corollary of such results is that for a given 
generation of doWnstream sheet tension as a result of 
?nishing machine action, the prior art assist unit Would 
over-feed, Whereas the invention assist unit Will not. Using 
the prior art Moore assist unit With the dancer is not 
effective. As soon as a slight pull or tension from the 
?nishing machine is transmitted through the sheet running 
around the dancer roller, the prior art assist unit feeds the 
sheet greatly. Thus, the tension in the sheet does not rise 
suf?ciently to cause the dancer roller to rise. Too much sheet 
is fed and slack accumulates in vicinity of the dancer When 
the pull lessens or ceases. Then, When the pull resumes, the 
resultant Whipping causes the sheet to tear, unless the speed 
of the machine is sloWed to undesirably loW rates. SloWing 
the speed of the prior art assist unit drive rollers is not 
effective in overcoming the problem. Only the loWer tension 
ratio enables the desired purpose of Web stabiliZation to be 
achieved in the practice of the invention. Thus, the tension 
ratio of the assist unit in the invention ought be less than 6 
to 1, and preferably 2—3 to 1 or less When processing 
common paper sheet of the type Which has been described. 
The preferred tWo-roller assist unit best provides the 

desired tension ratio. Nonetheless, other con?gurations of 
assist units may be employed Which provide the tension ratio 
Which is necessary. For example, a three roller assist unit is 
shoWn in FIG. 8. The constant speed rollers 80, 82 all act to 
drive the sheet 40 When there is sufficient initial tension 
applied at the output side to cause the sheet to frictionally 
engage the rollers. The roller 84 is an idler. Roller 82 can be 
positioned to a ?xed predetermined vertical position to vary 
the angle of Wrap Which sheet has in the unit, and to thus 
provide the desired tension ratio. Other con?gurations of 
assist unit may be employed. 
As described above, the sheet velocity and acceleration, 

as a function of time, is altered by the invention, compared 
to that Which is dictated at the input of the ?nishing machine 
F by the machine. When in practice of the prior art, sheet is 
draWn directly from a source, for instance, simply around 
some turn bars, typically With a drag unit, the velocity of the 
sheet upstream of machine F closely approximates the 
velocity of the sheet at the machine input. Often, With high 
speed ?nishing machines, decelerations can approximate 20 
g; and, a very strong drag has to be applied to the sheet near 
the source to prevent sheet overshoot or “Waterfalling”. The 
high drag results in a necessarily high sheet tension, as the 
machine must pull hard enough on acceleration to overcome 
the drag force. A propensity for tearing is thus introduced. 

FIG. 11 is a plot shoWing the velocity and acceleration 
Which sheet is subjected to at the input of one particular 
?nishing machine, as a function of time. It shoWs the pull 
cycle Which is mentioned at the beginning of this descrip 
tion. The cycle is repeated at high frequencies. For instance, 
a typical commercial ?nishing machine, Model 6000 Mail 
Processing System (Bell & HoWell, Inc., Durham, NC, 
USA) repeats the cycle at a rate of about 5 or 6 cycles per 
second, processing sheet With perforations 8.5 inch apart. 
FIG. 12 is a plot corresponding With FIG. 11, illustrating thy 
modi?ed motion of sheet, at a point just upstream of the 
dancer unit, as a result of using the invention. Both plots are 
approximations and simpli?cations of the real cycles, but the 
qualitative differences are real. 

It is observed that the effect of the invention is to 
substantially alter the shape of the velocity vs. time cycle. 
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The time of movement during the cycle is signi?cantly 
increased and the magnitudes of acceleration and decelera 
tion are reduced. These effects reduce the stress in the sheet 
and the tendency for tearing. 

It Will be appreciated that the assist unit and the dancer 
unit may each be used independently of the complete system 
Which is the main focus of the description. While the 
invention is described in terms of feeding perforated paper 
sheet, it Will be useful for feeding other kinds of sheet, and 
for applications other than document processing. 

Although this invention has been shoWn and described 
With respect to a preferred embodiment, it Will be under 
stood by those skilled in this art that various changes in form 
and detail thereof may be made Without departing from the 
spirit and scope of the claimed invention. 
What is claimed is: 
1. Apparatus for controlling the movement of a sheet 

doWnstream along a How path, toWard a ?nishing machine 
Which pulls the sheet doWnstream cyclically at high rate, 
With rapid change in velocity, Which comprises: 

an assist unit comprised of one or more drive rollers, for 
moving sheet doWnstream along the How path, having 
a tension ratio of less than 6 to 1; Wherein, the sheet 
runs around said drive rollers With a total angle of Wrap 
of less than 2 at radians; 

means for changing the angle of Wrap, and thereby the 
tension ratio of the assist unit; and, 

a dancer unit, located doWnstream of the assist unit, for 
dynamically changing the length of the How path 
responsive to changes in sheet tension; the dancer unit 
comprising a movable roller assembly, spring biased in 
a direction Which maXimiZes the length of the How 
path. 

2. The apparatus of claim 1, Wherein 
the assist unit comprises a pair of drive rollers, the sheet 

folloWing an S-shape ?oW path through the assist unit; 
Wherein said means for changing the angle of Wrap 

comprises means for changing the orientation of the 
pair of rollers relative to the How path. 

3. The combination of apparatus for controlling move 
ment of sheet doWnstream along a How path toWard a 
?nishing machine, and a ?nishing machine Which pulls the 
sheet doWnstream With frequent change in velocity, com 
prising: 

an assist unit comprising at least one drive roller for 
moving sheet doWnstream along the How path; and, 

a dancer unit, located doWnstream of the assist unit, for 
dynamically changing the length of the How path 
responsive to changes in sheet tension, comprising a 
roller Which applies a resiliently biased force to the 
sheet; 

Wherein, the tension ratio of the assist unit is no more than 
6 to 1. 

4. The apparatus of claim 3 Wherein the total angle of 
Wrap of sheet around all the drive rollers of the assist unit is 
no more than about 2 at radians, preferably 3 31/2 radians. 

5. The apparatus of claim 3, further comprising a drag 
unit, located upstream of the assist unit, for retarding the 
doWnstream movement of the sheet. 

6. The apparatus of claim 3 Wherein the assist unit is 
comprised of a pair of drive rollers and no other drive rollers, 
Wherein the sheet folloWs a How path through the assist unit 
having an S-shape, so that the sheet is caused to Wrap around 
a portion of the surface of each roller. 

7. The apparatus of claim 6 Wherein the orientation of said 
roller pair relative to the rest of the apparatus is changeable, 
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to thereby effect a change in the shape of the S-shape portion 
of the How path, and to cause the sheet running along the 
How path to have a adjustable angle of Wrap around the 
rollers. 

8. Apparatus for controlling the movement of a sheet 
doWnstream along a How path, toWard a ?nishing machine 
Which pulls the sheet doWnstream With frequent high rates of 
acceleration and deceleration, and subjects the sheet enter 
ing the machine to a certain maXimum acceleration, Which 
comprises: 

an assist unit comprising at least one drive roller for 
moving sheet doWnstream along the How path; and, 

a dancer unit, located doWnstream of the assist unit, for 
dynamically increasing and decreasing the length of the 
How path; the dancer unit having a spring biased dancer 
roller assembly comprising a dancer roller for contact 
ing the sheet and moving in space relative to the How 
path at any given instant; 

the assist unit moving sheet doWnstream responsive to 
tension in the sheet, Which tension is suf?cient to move 
the dancer roller against the spring bias; 

Wherein, the combination of spring bias and mass of the 
roller assembly are suf?cient to substantially maintain 
the dancer roller in close proximity to the sheet during 
the time When the ?nishing machine is decelerating the 
sheet. 

9. The apparatus of claim 8 Wherein the roller assembly 
has a mass Which is substantially less than four times the 
tensile strength, in units of force, divided by said certain 
acceleration. 

10. The apparatus of claim 9 Wherein the spring bias is 
provided by a system comprising one or more springs, the 
spring system having a spring constant Which is substan 
tially less than the maXimum tension Which the sheet can 
sustain Without tearing, divided by the maXimum extension 
of the spring system. 

11. The apparatus of claim 8, further comprising: 
a pair of opposing guide rails, for de?ning the direction of 
movement of the aXles of a dancer roller assembly; and, 

the dancer roller assembly comprising a pair of journal 
blocks, running along the rails; the dancer roller having 
opposing end aXles positioned in the journal blocks. 

12. The apparatus of claim 8 Wherein the movable roller 
assembly has a loW mass, said loW mass being substantially 
less than that mass Which is determined by the formula 

Where m is mass of the roller, F is the maXimum tension 
Which the sheet Will sustain, and aweb is the maXimum 
acceleration of the roller during, operation of the apparatus. 

13. The apparatus of claim 12 Wherein the movable roller 
assembly comprises a roller made of a plastic material, 
Wherein the roller has a loW mass compared to a functionally 
equivalent roller made of aluminum or steel. 

14. The apparatus of claim 13 Wherein the movable roller 
comprises a thin Wall plastic tube. 

15. In a system comprising a sheet ?nishing machine 
Which pulls sheet doWnstream from a supply, through a drag 
unit and along a sheet ?oW path according to a ?rst velocity 
vs. time cycle Which is characteriZed by rapid velocity 
changes and a high frequency of cycle repetition; Wherein 
the ?nishing machine thereby creates in the sheet at the point 
of intake thereof a cyclic peak tension; the improvement 
Which comprises: 

a tWo-drive roller assist unit, for causing sheet to move 
doWnstream along the How path from the supply; 
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a dancer unit comprising a roller, positioned downstream 
of the assist unit, for dynamically changing the length 
of the sheet ?oW path While the dancer unit roller 
resiliently presses against the sheet; 

the combination of said drag unit, tWo-drive roller assist 
unit, and dancer unit substantially reducing said cyclic 
peak tension. 

16. The method of affecting the motion of a sheet moving 
doWnstream along a How path running from a source or 
supply of sheet and toWard a ?nishing machine Which draWs 
the sheet into the device With frequent change in velocity, 
including periodic stopping of the sheet, to thereby create an 
acceleration of the sheet and tension in the sheet at the 
entrance to the ?nishing machine, Wherein the How path has 
?rst, second, and third sequential points doWnstream of the 
source, Which comprises: 

(a) draWing sheet from the source and moving sheet along 
the How path toWard the ?nishing machine; 

(b) providing a drag force on the sheet at said ?rst point, 
to retard doWnstream sheet motion and thereby create 
a ?rst tension force in the sheet doWnstream of the ?rst 
point and upstream of the second point; 

(c) applying force to the sheet at said second point to 
create in the sheet doWnstream of the second point a 
second tension Which is loWer than said ?rst tension; 

(d) applying to the sheet at said third point a resilient 
biasing force in a direction Which tends to increase the 
length of the How path; 

(e) signi?cantly changing the length of the How path 
running betWeen the second point and the machine, 
inversely to the sense of change in velocity, of the sheet 
at the ?nishing machine; 

Wherein, the acceleration of, and tension in, the sheet 
betWeen the second point and third point are each 
substantially decreased compared to the acceleration 
of, and tension in, the sheet as it enters the machine in 
absence of use of the method. 
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17. The method of claim 16 Wherein the maXimum 

acceleration of the sheet betWeen the second point and third 
point is less than one-half of the acceleration the sheet as it 
enters the device. 

18. The method of claim 17 Wherein the ?rst tension is no 
greater than siX times the second tension. 

19. Apparatus for controlling the movement of a sheet 
doWnstream along a How path, toWard a device Which pulls 
the sheet doWnstream according to a ?rst velocity vs. time 
repetitively-repeated cycle, Which comprises: 

an assist unit comprising at least one drive roller for 
moving sheet doWnstream along the How path; 

a dancer unit, located doWnstream of the assist unit, for 
dynamically changing the length of the How path, 
comprising a movable spring biased loW mass dancer 
roller; 

means for creating drag force on the sheet, located 
upstream of the assist unit, Wherein the drag force is 
substantially less than the maXimum tension of Which 
the sheet is capable of sustaining Without tearing; 

Wherein, the combination of assist unit, dancer unit, and 
means for creating drag cause the sheet to move from 
the assist unit to the dancer unit With a second cycle of 
velocity vs. time; Wherein the times of the ?rst and 
second cycles are the same; 

Wherein, When compared to the ?rst cycle, the second 
cycle provides the sheet in the vicinity of the dancer 
unit With reduced acceleration and With doWnstream 
velocity spread over a longer portion of the time of the 
cycle; and, 

Wherein, during use the dancer roller moves substantially, 
to thereby change the length of the How path, in 
cooperation With the movement of sheet by the assist 
unit. 

20. The apparatus of claim 19 Wherein the assist unit has 
a tension ratio of less than 6 to 1. 


